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Background: The FAST was a factorial trial in first-line treatment of advanced non-small-cell lung cancer (NSCLC), addressing the 
role of replacing cisplatin with a non-platinum agent. The prognostic and predictive effect of ERCC1/BRCA1 expression and 
ERCC1/XPD/XRCC1-3 gene polymorphisms on outcomes of patients was examined. 

Methods: Patients were randomised to receive treatment with or without cisplatin. ERCC1/BRCA1 expression was determined by 
immunohistochemistry. ERCC1 {C8092A, C1 181), XPD {Lys751Gln), XRCC1 {Arg399Gln) and XRCC3 {Thr241Met) gene 
polymorphisms were evaluated on tumour DNA by TaqMan allelic discrimination assay. 

Results: Tumour samples were available from 110 of 433 patients enrolled: 54.7% were ERCC1 positive and 51.4% were BRCA1 
positive. Overall, ERCC1 -negative patients had better response rate (P = 0.004), progression-free survival (P = 0.023) and overall 
survival (P = 0.012) compared with positive ones, with no statistically significant treatment interaction. The BRCA1 -positive patients 
showed numerically better outcomes, although not statistically significant, with no treatment interaction. Among DNA repair gene 
polymorphisms, only XRCC1 GIn/GIn genotype evidenced a potential prognostic role (P = 0.036). 

Conclusion: This study confirms the prognostic role of ERCC1 expression and XRCC1 {Arg399Gln) polymorphism in advanced 
NSCLC treated with first-line chemotherapy. None of these biomarkers was shown to be a specific predictive factor of cisplatin 
efficacy. 

With the exception of EGFR mutated tumours, the current The mechanism of action of platinum agents is based on the 
standard of care in first-hne treatment of advanced non-small-cell formation of DNA adducts that results in the alteration of DNA 
lung cancer (NSCLC) is based on a combination of cisplatin structure and, eventually, inhibition of DNA replication and 
associated with a third-generation chemotherapeutic agent (Azzoli transcription (Martin et al, 2008). Hence, the expression of genes 
et al, 2009; Peters et al, 2012). involved in mechanisms of DNA repair has been studied as 

^Correspondence: M Tiseo; E-mail: nntiseo@ao.pr.it 

Revised 8 February 2013; accepted 1 March 2013; published online 2 April 2013 

© 2013 Cancer Research UK. All rights reserved 0007-0920/13 



www.bjcancer.com | DOI:1 0.1 038/bjc.201 3.1 27 



1695 



BRITISH JOURNAL OF CANCER 



DNA repair protein expression and gene polynnorphisnns in NSCLC 



possible predictive factor in patients treated with platinum -based 
chemotherapy. 

The ERCCl (excision repair cross-complementing 1) is a gene 
encoding a protein of the nucleotide excision repair (NER) 
complex, a group of proteins able to correct DNA damage induced 
by substances forming adducts, like platinum (Martin et al, 2008). 
High levels of ERCCl protein have been shown to be a positive 
prognostic factor in chemotherapy-naive radically resected NSCLC 
(Olaussen et al, 2006; Zheng et al, 2007; Simon et al, 2008). On the 
contrary, they have been evidenced to be a negative predictive 
factor in patients treated with platinum chemotherapy, in both 
adjuvant and metastatic setting, probably because of an association 
between ERCCl expression and platinum resistance as shown in 
NSCLC, ovarian and gastroenteric tumours (Li et al 2000; Joshi 
et al, 2005; Gazdar, 2007). However, whether ERCCl is simply a 
generic prognostic factor or a specific predictor of cisplatin efficacy 
is still to be demonstrated. 

The BRCAl (breast cancer 1) is an oncosuppressor gene 
involved in two kinds of DNA repair mechanisms: NER and 
double-strand break repair (DSBR) (Martin et al 2008). Over- 
expression of BRCAl represents a marker of platinum resistance in 
several cellular Unes (Husain et al 1998). Moreover, several studies 
have shown a possible role of BRCAl as a predictor of response in 
advanced NSCLC, suggesting that mRNA expression levels of 
BRCAl could be used to choose the more appropriate chemother- 
apy treatment, particularly with cisplatin or antimicrotubule agents 
(Taron et al 2004; Reguart et al 2008). Finally, Rosell et al (2007) 
have described the association between expression levels of BRCAl 
and ERCCl and have confirmed the role of BRCAl as a prognostic 
factor in resected NSCLC. 

In the past years, the role of single-nucleotide polymorphisms 
(SNPs) of ERCCl, XPD (xeroderma pigmentosum group D, also 
known as ERCCl) , XRCCl (X-ray cross-complementing group 1) 
and XRCC3 (X-ray cross- complementing group 3) genes as 
predictive factors for outcome in platinum chemotherapy-treated 
NSCLC has been thoroughly investigated (Gurubhagavatula et al 
2004; Isla et al 2004; Ryu et al 2004; Camps et al 2006; de las 
Penas et al 2006; Kalikaki et al 2009; Horgan et al 2011; Yin et al 
201 1; Wei et a/, 201 1). The XPD gene is a member of NER pathway 
and encodes a protein involved in DNA transcription, whereas 
XRCCl and XRCC3 are essential for base excision repair (BER) 
process. Data emerging from previous studies allowed to confirm 
that SNPs of these genes are expression of an interindividual 
variability in DNA repairing ability and represent possible 
predictive factors of response to platinum-based chemotherapy. 

However, the results available in literature concerning ERCCl/ 
BRCAl expression and ERCCl /XPD /XRCCl -3 gene polymorph- 
isms are, overall, not fully consistent, mainly based on retrospective 
single-arm studies and limited to cisplatin-based chemotherapy. 

The aim of our study was to investigate the predictive role of 
ERCCl /BRCAl immunohistochemical expressions and of ERCCl 
C8092A and C118T, XPD Lys751Gln, XRCCl Arg399Gln and 
XRCC3 Thr241Met SNPs in the context of a prospective 
randomised study assessing the role of platinum in advanced 
NSCLC (FAST trial) (Boni et al 2012). 



MATERIALS AND METHODS 



Patients. From October 2001 until July 2006, 433 patients were 
enrolled in multicentric factorial clinical trial FAST (Boni et al 
2012). The principal inclusion criteria were: cytological or 
histological diagnosis of NSCLC in locally advanced or metastatic 
stage; no previous chemotherapy; age ^18 years and performance 
status (PS) ^ 2. Patients were assigned to one of the four treatment 
arms: gemcitabine + cisplatin (GP), gemcitabine + vinorelbine 
(GN), gemcitabine + cisplatin + ifosfamide (GIP) or gemcitabine 



+ vinorelbine + ifosfamide (GIN). Chemotherapy cycles were 
administered every 3 weeks for a maximum of six cycles; tumour 
response was assessed by computed tomography scan after every 
three cycles according to the RECIST criteria (version 1.0) 
(Therasse et al 2000). 

According to ancillary biological study protocol (Bio-FAST), it 
was planned to collect all available histological paraffin -embedded 
tumour samples of treated patients in order to assess ERCCl and 
BRCAl immunohistochemical expression and SNPs of ERCCl 
C8092A and CllST, XPD Lys751Gln, XRCCl Arg399Gln and 
XRCC3 Thr241Met. 

Immunohistochemistry (IHC). Tumour sections were incubated 
with specific monoclonal antibodies directed against ERCCl 
epitope (clone 8F1, 1:200 dilution, Neomarkers, Lab Vision 
Corporation, Fremont, CA, USA) and BRCAl epitope (clone 
MSI 10, 1:300 dilution, Calbiochem, EMD Corporation, Billerica, 
MA, USA). For determination of the ERCCl status, for each 
sample a semiquantitative H score obtained by multiplying the 
intensity score with the positive nuclei proportion score was 
calculated, according to Olaussen et al (2006). The median value of 
all H scores was used as a cutoff in order to classify tumours as 
ERCCl positive or negative. With regard to BRCAl expression, 
only the percentage of positive nuclei was valuated and 10% was 
chosen as the cutoff value distinguishing between positive and 
negative (Wachters et al 2005). For immunohistochemical 
methods see Supplementary File. 

DNA isolation and genotyping. DNA was obtained from 
paraffin-embedded tissue and extracted using the commercial 
DNeasy tissue kit (Qiagen, Valencia, CA, USA) according to the 
manufacturer's instructions. 

The SNPs selected for this study were: ERCCl 8092C>A 
(rs3212986), ERCCl C118T (rsll615), ERCC2/XPD Lys751Gln 
(rsl3181), XRCCl Arg399Gln (rs25487) and XRCC3 Thr241Met 
(rs861539). The analysis of SNPs was performed using a real-time 
PGR allelic discrimination TaqMan assay (Applied Biosystems, 
Foster City, CA, USA). For more details see Supplementary File. 

Statistical methods. The distributions of all studied patients were 
reported with respect to their demographic, clinical and biological 
characteristics and were summarised as frequencies and percen- 
tages. Comparisons of proportions were performed with the test 
for heterogeneity or Fisher's exact test, when appropriate. Mean 
ranks were compared by means of Wilcoxon two-sample test. All 
candidate prognostic and predictive factors were investigated for 
their impact on objective response rate (RR), duration of 
progression-free survival (PES), defined as the interval between 
randomisation and disease progression or death for any cause, and 
overall survival (OS), defined as the time between randomisation 
and death, whatever the cause. Observation time of patients not 
progressed and alive at the last follow-up visit was censored. 
Confidence intervals (CIs) of median survival times were calculated 
according to the log-log method of Brookmeyer and Crowley. 
Survival rates were plotted after adjustment by treatment type, 
according to the corrected group prognosis method. As estimates 
of prognostic effect, odds ratios (ORs) and hazard ratios (HRs) 
with a 95% CIs were calculated with logistic regression and Cox 
proportional hazard models, respectively. The presence of hetero- 
geneity of treatment effect (platinum vs non -platinum) between the 
strata identified by each investigated biomarker was tested 
introducing the appropriate interaction term into the statistical 
models. All estimates of ORs and HRs and their 95% CIs were 
obtained after adjustment by treatment type. Wald test was used to 
quantify the statistical significance of all coefficients. All reported 
P- values are two sided and significant level was set at 0.05. 
Statistical analyses were performed by LB at Istituto Toscano 
Tumori using SAS System 9.2 (SAS Corporation, Gary, NC, USA). 
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In the Bio-FAST study, only the comparison between platinum 
(GP and GIP) and non-platinum (GN and GIN), and not between 
two and three drugs, was considered. In two groups (platinum and 
non-platinum), the patient distribution according to two or three 
drugs was well balanced; in fact, 45% of patients treated with 
platinum and 43% treated with non-platinum received two drugs. 



RESULTS 



Patients' characteristics. Sufficient tumour tissue for biological 
assessments was obtained from 110 patients, whose characteristics 
are reported in Table 1. Histogical specimens were obtained either 
by endoscopic sampling or after surgical resection. In both cases, 
tissues used for our purpose were collected from the primary lung 
lesions. 

Overall, there were no statistical differences between patients 
included in the Bio-FAST protocol and patients not studied for 
biological characteristics enrolled in the FAST trial (Table 1). 

We observed partial or complete response in 35 patients 
(RR = 31.8%); 22 of these were treated with platinum and 13 were 
treated without platinum. The RR was 38.6% in the platinum arm 
and 24.5% in the non-platinum arm (P = 0.114). Four patients 
were alive without disease progression at the time of the analysis. 



with a minimum duration of follow-up of 18 months. The median 
PFS and OS were 6.3 (95% CI 4.3-7.1; 108 events) and 12.4 (95% 
CI 9.4-14.5; 106 events) months, respectively. In the platinum arm, 
median PFS and OS reached 6.6 (95% CI 4.8-7.3) and 11.2 
(95% CI 7.1-15.7) months, respectively, vs 4.4 (95% CI 3.6-7.3) 
and 12.5 (95% CI 9.4-15.6) months in the arm without platinum 
(P = 0.399 and = 0.698, for PFS and OS, respectively). Concerning 
toxicity, no statistical differences between treatment arms were 
found (data not shown). 

No statistically significant differences were observed in outcome 
obtained in Bio-FAST patients and in the population of the FAST 
trial not studied for biological characteristics (data not shown). 

ERCCl IHC expression. After immunohistochemical assessment, 
58 (54.7%) patients resulted ERCCl positive (data missing from 4 
patients because of sample inadequacy). The characteristics of the 
patients according to the ERCCl expression are reported in 
Supplementary Table SI. 

Overall, RR was 47.9% in ERCCl -negative patients vs 19% in 
ERCCl -positive ones (OR 0.27; 95% CI 0.11-0.66; P = 0.004). 
In Table 2 RRs according to the ERCCl expression in platinum 
vs non -platinum treatment are reported. A trend towards a 
qualitative interaction was evidenced between ERCCl expression 
and treatment type (P = 0.071). 



Table 1. Patient characteristics 






Total Bio-FAST Not studied 




Characteristics 


No. 


% 


No. 


% 


No. 


% 


P-value 


No. of treated patients 




100% 


110 


26.4% 


307^ 


73.6% 




Age 


Median (range) 
^64 Years 
>64 Years 


63 (29-79) 
226 
191 


63 (37-79) 
54.2% 
45.8% 


63 (29-79) 
62 
48 


0.753 
56.4% 
43.6% 


164 
143 


53.4% 
46.6% 


0.595 


Gender 


Male 
Female 


329 
85 


79.5% 
20.5% 


90 
20 


81.8% 
18.2% 


239 
65 


78.6% 
21.4% 


0.477 


ECOG-PS 


0 

1-2 


254 
163 


60.9% 
39.1% 


71 
39 


64.5% 
35.5% 


183 
124 


59.6% 
40.4% 


0.363 


Stage 


IIIB 
IV 


83 
334 


19.9% 
80.1% 


28 
82 


25.5% 
74.5% 


55 
252 


17.9% 
82.1% 


0.089 


Histology 


Squamous 
Non-squamous 


117 
296 


28.3% 
71.7% 


37 
73 


33.6% 
66.4% 


80 
223 


26.4% 
73.6% 


0.149 


Treatment 


Platinum 
Non-platinum 


207 
210 


49.6% 
50.4% 


57 
53 


51.8% 
48.2% 


150 
157 


48.9% 
51.1% 


0.594 


Treatment 


Two drugs 
Three drugs 


203 
214 


48.7% 
51.3% 


49 
61 


44.5% 
55.5% 


154 
153 


50.2% 
49.8% 


0.312 


Abbreviation: ECOG-PS = Eastern Cooperative Oncology Group-Performance Status. 

^The patients randomised in the FAST trial were 433, but 417 received assigned treatment; therefore, 307 were the patients not studied in the Bio-FAST trial and who received the assigned 
treatment. 
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1.0 
0.9 
0.8 
0.7 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 
0.0 



ERCC1- P- 

ERCC1- P+ 

ERCC1+, P- 

ERCC1+, P+ 

P=0.984 (test of interaction) 




0 6 12 18 24 30 36 42 
Follow-up time (months) 

ERCC1- P- 19 12 4 3 3 0 0 0 

ERCC1- P+ 29 22 8 3 2 2 2 1 

ERCC1+, P- 31 12 4 1 1 1 0 0 

ERCC1+, P+ 27 10 4 1 1 1 0 0 



48 54 60 



D 


1.0 




0.9 




0.8 






CO 
J2 


0.7 


O 
Q. 


0.6 


> 


0.5 








0.4 




0.3 






> 
O 


0.2 




0.1 




0.0 



ERCC1- P- 

ERCC1- P+ 

ERCC1+, P- 

ERCC1+, P+ 

P=0.446 (test of interaction) 




0 6 12 18 24 30 36 42 48 54 60 
Follow-up time (months) 

ERCC1-P-19 17 14 10 8 5 2 0 0 0 0 

ERCC1- P+ 29 23 20 10 8 5 3 2 1 0 0 

ERCC1+, P- 31 21 13 8 4 4 4 1 1 0 0 

ERCC1+, P+ 27 17 85321 1 000 



Figure 1. Adjusted estinnates of progression-free survival and overall survival in ERCC1 -negative vs ERCC1 -positive patients (A and B, 
respectively) and also according to the treatnnent received, platinunn vs non-platinunn reginnens (C and D, respectively). The numbers of 
patients at risk are reported according to the distributions of the observation times. CI, confidence interval; ERCC1 + , ERCC1 positive; ERCC1 ■ 
ERCC1 negative; HR, hazard ratio; P — , non-platinum; P + , platinum. 



The ERCCl -negative patients had a median PES of 7.2 (95% CI 
6.5-9.1) months, whereas ERCCl -positive patients reached a 
median PES of 4.3 months (95% CI 3.8-6.3; HR 1.61; 95% CI 1.07- 
2.44; P = 0.023; Eigure lA). Median PES values according to the 
ERCCl expression in platinum vs non-platinum treatment are 
reported in Table 2 and in Eigure IC (P = 0.984, interaction test). 

The ERCCl -negative patients shoM^ed a statistically significant 
longer OS compared M^ith ERCCl -positive patients. The ERCCl - 
negative patients had a median OS of 16.4 (95% CI 12.6-23.9) vs 
8.5 (95% CI 6.3-11.3) months reached by ERCCl -positive patients 
(HR 1.70; 95% CI 1.12-2.58; P = 0.012; Eigure IB). Median OS 
values according to the ERCCl expression in platinum vs non- 
platinum treatment are reported in Table 2 and in Eigure ID 
(P = 0.446, interaction test). 

BRCAl IHC expression. Regarding BRCAl, 56 (51.4%) patients 
resulted positive (data missing from 1 patient because of samples 
inadequacy). The characteristics of the patients according to the 
BRCAl expression are reported in Supplementary Table SI. 

There wsiS no statistically significant difference in RR bet^^een 
positive and negative patients; positive patients showed a 
RR of 35.7% vs 26.4% in negative ones (OR 1.69; 95% CI 0.72- 
3.98; P = 0.231). 



There was also no statistically significant difference between 
positive and negative patients in median PES (HR 0.76; 95% CI 
0.52-1.12; P = 0.167): positive patients had a median PES of 6.5 
(95% CI 4.4-7.7) vs 5.8 (95% CI 3.8-7.0) months in negative ones. 

No statistical difference was also found between BRCAl - 
positive and BRCAl -negative patients in OS analysis; negative 
patients had a median OS of 11.2 (95% CI 6.9-13.9) vs 13.5 (95% 
CI 9.4-17.9) months obtained in positive patients (HR 0.71; 95% 
CI 0.47-1.06; P = 0.093). 

Considering treatment arms, no differences were evidenced 
between BRCAl -negative and BRCAl -positive patients for all 
outcome variables (Table 2). 

DNA repair gene polymorphisms. Genotyping was successfully 
performed in the vast majority of DNA samples. No discrepancies 
were observed in the samples analysed in duplicate (^10%), and 
all the genotyping data were included in the final analysis. All 
polymorphisms studied followed Hardy- Weinberg equilibrium 
and genotype frequencies were comparable with those reported in 
Caucasian populations. 

In Supplementary Eile and Supplementary Tables S2 and S3, the 
frequencies of all SNPs are reported. Correlation analyses of SNPs 
were performed grouping patients with wild-type genotype vs 
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Table 2. Outcome results accordinc 


to immunohistochemical expression in platinum (N=56) 


vs non-platinum (N = 50) regimens 








ERCC1 " BRCA1 ' 




Positive 
No. 58 


Negative 
No. 48 


Positive 
No. 56 


Negative 
No. 53 


RR (%) 


P 

Non-P 

OR (95% CI) 

P-value^ 


14.8 
22.6 
0.58 (0.15-2.27) 

C 


58.6 
31.6 

3.19 (0.93-10.91) 

).071 


43.3 
26.9 
2.11 (0.66-6.56) 

0 


30.8 
22.2 
1.52 (0.44-5.25) 

.704 


Median PFS (mos) 


P 

Non-P 

HR (95% CI) 

P-value^ 


4.4 (2.6-7.4) 
4.1 (2.9-6.7) 
0.93 (0.55-1.57) 

C 


7.1 (6.3-9.7) 
7.9 (3.8-9.3) 
0.93 (0.52-1.70) 

).984 


7.2 (4.4-9.1) 
5.0 (3.8-8.7) 
0.90 (0.53-1 .54) 

0 


6.5 (3.2-7.0) 
4.3 (2.6-7.3) 
0.76 (0.44-1.31) 

.654 


Median OS (mos) 


P 

Non-P 

HR (95% CI) 

P-value^ 


7.8 (3.0-9.8) 
10.3 (5.1-13.8) 
1.39 (0.81-2.37) 

C 


15.7 (11.2-20.4) 

23.8 (11.3-28.5) 
1.01 (0.55-1.85) 

).446 


14.9 (7.1-19) 
13.5 (9.4-23.3) 
1.11 (0.65-1.91) 

0 


9.5 (5.8-15.4) 
11.3 (6.0-17.0) 
1 .04 (0.60-1 .80) 

.855 


Abbreviations: BRCA1 = breast cancer 1; CI = confidence interval; ERCC1 = excision repair cross-complementing 1; HR = hazard ratio; mos = months; non-P = non-platinum; OR = odds ratio; 
OS = overall survival; P = platinum; PFS = progression-free survival; RR = response rate. 
^Test of interaction. 



Table 3. Outcome results according to ERCC1 polymorphisms in P vs non-P regimens 







ERCC1 8092 " ERCC1 C118T ' 




G/G 
No. 40 


T/- 
No. 58 


C/C 
No. 22 


T/- 
No. 69 


RR (%) 


P 

Non-P 

OR (95% CI) 
P-value^ 


33.3 
21.1 

1.78 (0.42-7.54) 


46.4 
26.7 
2.39 (0.79-7.26) 

0.752 


40 
33.3 
1 .46 (0.25-8.52) 

0.7 


41.7 
24.2 
2.13 (0.75-6.04) 

20 


Median PFS (mos) 


P 

Non-P 

HR (95% CI) 

P-value^ 


7.3 (3.7-12.4) 
8.0 (3.8-13.4) 
0.90 (0.48-1 .70) 


6.4 (2.8-7.4) 
4.1 (2.9-7.2) 
0.81 (0.48-1.37) 

0.805 


8.7 (2.1-17.5) 
4.1 (2.5-9.4) 
0.61 (0.26-1.41) 

0.2 


5.5 (2.8-7.1) 
6.7 (4.0-8.0) 
1.13 (0.70-1.82) 

13 


Median OS (mos) 


P 

Non-P 

HR (95% CI) 

P-value^ 


9.8 (4.8-18.2) 
14.5 (9.3-23.9) 
1.12 (0.60-2.11) 


10.5 (5.6-15.7) 
11.2 (6.3-15.6) 
1.12 (0.65-1.92) 

0.998 


15.3 (4.4-33.8) 
16.3 (8.0-36.8) 
0.89 (0.36-2.18) 

0.3 


8.0 (3.7-15.4) 
13.4 (9.7-19.8) 
1 .50 (0.93-2.45) 

16 


Abbreviations: CI = confidence interval; ERCC1 = excision repair cross-complementing 1; HR = hazard ratio; mos = months; non-P = non-platinum; OR = odds ratio; OS = overall survival; 
P = platinum; PFS = progression-free survival; RR = response rate. 
^Test of interaction. 



patients with heterozygote or homozygote variant. Overall, no patients with Gln/Gln genotype obtained a median OS of 20.4 (95% 
significant difference emerged in RR, PFS and OS between different CI 7.8-38.7) months, whereas patients with Arg/Arg or Arg/Gln 
genotypes for all polymorphisms, except for XRCCl. In fact, (Arg/— ) genotype obtained a median OS of 11.3 (95% CI 8-15.4) 
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Table 4. Outcome results according to XPD and XRCC1-3 polymorphisms in P vs non-P regimens 







XPDLys751Gln " XRCC1 " XRCC3 ' 




Lys/Lys 
No. 37 


G/n/- 
No. 60 


GIn/GIn 
No. 11 


Arg/- 
No. 82 


Met/Met 
No. 19 


Thr/- 
No. 78 


RR (%) 


P 

Non-P 

OR (95% CI) 
P-value^ 


47.6 
31.3 
1.75 (0.44-7.00) 

0.85J 


35.7 
21.9 
2.06 (0.65-6.54) 

3 


66.7 
0 

19.41 (0.53-706.26) 

0.143 


34.2 
29.3 
1.21 (0.48-3.09) 


37.5 
27.3 

1.76 (0.24-12.69) 

0.891 


41.5 
24.3 
2.05 (0.76-5.51) 


Median PFS (mos) 


P 

Non-P 

HR (95% CI) 

P-value^ 


6.9 (2.8-12.4) 
5.0 (3.5-7.5) 
0.83 (0.43-1 .62) 

0.84: 


6.8 (4.3-7.4) 
5.3 (2.6-8.1) 
0.90 (0.54-1.51) 


7.5 (0.8-NE) 
2.9 (2.0-8.7) 
0.20 (0.05-0.76) 

0.029 


6.6 (3.9-7.4) 
5.1 (3.6-7.5) 
0.98 (0.63-1.52) 


6.8 (0.5-13.8) 

4.9 (2.1-8.7) 
0.59 (0.22-1.53) 

0.396 


6.9 (3.9-7.7) 
5.1 (3.4-7.5) 
0.93 (0.59-1 .46) 


Median OS (mos) 


P 

Non-P 

HR(95%CI) 

P-value^ 


9.2 (3.6-18.2) 
14.9 (5.1-23.3) 
1.11 (0.57-2.17) 

0.97. 


11.2 (7.1-15.7) 

11.3 (6.3-23.0) 
1.13 (0.67-1.91) 


16.6 (0.8-NE) 
36.8 (10.3-38.7) 
1 .07 (0.28-4.05) 

0.960 


9.2 (6.4-15.7) 
12.5 (6.3-17.0) 
1.11 (0.71-1.73) 


7.9 (1.1-32.5) 
15.6 (2.8-28.1) 
1.21 (0.47-3.12) 

0.86 


12.3 (6.7-15.7) 
12.5 (9.7-17.0) 
1.10 (0.70-1.75) 


Abbreviations: CI = confidence interval; HR = hazard ratio; mos = months; NE = not estimable; non-P = non-platinum; OR = odds ratio; OS = overall survival; P = platinum; PFS = progression- 
free survival; RR = response rate; XPD = xeroderma pigmentosum group D; XRCC1 = X-ray cross complementing group 1; XRCC3 = X-ray cross complementing group 3. 
^Test of interaction. 



months (HR 0.47; 95% CI 0.23-0.95; P = 0.036). For more details 
see Supplementary File. 

In Tables 3 and 4, RR, PFS and OS according to the different 
genotypes in platinum vs non-platinum treatment are reported. 



DISCUSSIONi 



The two major components of NER and homologous recombina- 
tion repair (HRR) pathways, ERCCl and BRCAl respectively, have 
been studied as predictive markers in the treatment of NSCLC 
patients with platinum-based chemotherapy in adjuvant (Olaussen 
et al 2006; Zheng et al, 2007; Rosell et al, 2007; Simon et al, 2008; 
Bartolucci et at, 2009) or metastatic settings (Lord et at, 2002; 
Rosell et al 2004; Ceppi et al 2006; Wang et al 2008; Rosell et al 
2009; Vilmar et al 2010; Papadaki et al 2011). Moreover, SNPs in 
DNA repair genes could represent predictive biomarkers as their 
presence could affect response to platinum-based therapy through 
different abilities to remove platinum-DNA adducts (Camps et al 
2007; Morgan et al 2011). However, the great majority of data 
available are based on retrospective single- arm studies, not 
allowing to clearly dissect the prognostic vs the predictive role 
and, within this latter, to clarif)^ whether the possible predictive 
role is truly specific for cisplatin or applicable to any kind of 
chemotherapy agent. 

In the FAST trial, cisplatin-containing regimens demonstrated a 
statistically significant superiority in survival compared with 
platinum-free treatments (Boni et al 2012). The availability of 
clinical outcome data of patients treated with or without cisplatin 
in a randomised trial allowed us to develop this retrospective sub- 
study. Bio -FAST, aiming to evaluate the clinical interaction 
between several biological factors and platinum- vs non-plati- 
num-based chemotherapy. 

The study of five different polymorphisms did not allow to 
identify a potential SNP with a predictive role. Only the genotype 



Gln/Gln of XRCCl gene showed increased OS compared with 
genotype Arg/ — , as well as a potential predictive role in PFS (test 
of interaction, P = 0.029). The XRCCl is a scaffold protein essential 
to the BER and single- strand breaks pathways. More than 60 SNPs 
have been identified in XRCCl gene, of which the most extensively 
investigated is Arg399Gln (Liao et al 2012). Several studies 
have shown that XRCCl Arg399Gln was associated with a 
better treatment outcome in NSCLC patients who underwent 
platinum-based chemotherapy (Morgan et al 2011), whereas no 
association was seen in non-platinum-treated patients. In a recent 
meta-analysis, XRCCl 399Gln was partially favourably associated 
with both response rate and overall survival than 399 Arg in 
analyses using all available studies; however, these associations 
became insignificant when only high-quality studies were con- 
sidered (Wu et al 2012). 

Polymorphisms in DNA repair genes may contribute to 
interindividual diversity in DNA repair capacity; however, results 
from several studies have been generally inconsistent and obtained 
using low-quality genotyping methods. In 90 publications, the 
impact of genetic polymorphisms as predictive and/or prognostic 
markers in lung cancer has been modest at best (Morgan et al 
2011). A proportion of these studies, similar as ours, have been 
underpowered and the analysis of large number of polymorphisms 
raises the problem of multiple testing. There is also the possibility 
that inconsistent associations with SNPs may result from ethnic- 
related differences in allele frequencies. In fact, ERCCl and XPD 
gene polymorphisms, recently, demonstrated better prognostic 
information for NSCLC patients, but in a large Chinese population 
(Zhang et al 2012). 

Patients were divided into ERCCl -negative and ERCCl -positive 
populations according to a cutoff value chosen a priori equal to 
that of the landmark study by Olaussen et al (2006). Regarding 
IMC expression of BRCAl, data available are more limited as 
almost all published studies evaluated BRCAl mRNA levels (Taron 
et al 2004; Rosell et al 2007; Wang et al 2008; Bartolucci et al 
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2009; Resell et al, 2009; Papadaki et al, 2011). Two studies 
determined IHC expression of BRCAl in NSCLC and reported a 
higher percentage of positive tumours (90% and 84%, respectively) 
(Wachters et al, 2005; Ota et al, 2009). Moreover, in our study, 
there was a substantial discrepancy between ERCCl and BRCAl 
expression. This result is apparently in contrast with those in 
literature showing a tight correlation between mRNA levels of the 
two genes (Taron et al, 2004, Rosell et al, 2007; Wang et al, 2008; 
Bartolucci et al, 2009; Papadaki et al, 2012); however, these results 
are hardly comparable, considering a possible inconsistency 
between IHC protein and mRNA expression, as recently demon- 
strated (Friboulet et al, 2011). The disparities between IHC and 
mRNA can be explained not only by technical, but also biological 
reasons; in fact, considering the importance of post-transcriptional 
regulatory mechanisms (Friboulet et al, 2011), mRNA expression 
level could be very distant from the protein one. 

As already reported, and in our study also, we found 
that ERCCl (Olaussen et al, 2006; Vilmar et al, 2010) and BRCAl 
(Rosell et al, 2007) levels were significantly higher in squamous cell 
carcinomas. 

Our results regarding ERCCl IHC expression allow us to 
confirm its strong prognostic role, considering that, overall, 
patients with ERCCl -negative tumours showed a significant 
advantage in response and survival than patients with ERCCl - 
positive tumours, as reported by other studies evaluating ERCCl 
mRNA in advanced NSCLC patients treated with only platinum- 
based therapy (Lord et al, 2002; Rosell et al, 2004; Ceppi et al, 2006; 
Cobo et al, 2007; Hubner et al, 2011; Roth and Carlson, 2011). 
Concerning BRCAl, the positive patients showed a trend of better 
outcome than the negative ones. Our data are different from what 
was expected (Taron et al, 2004; Wang et al, 2008; Rosell et al, 
2009; Papadaki et al, 2011; Papadaki et al, 2012), although it is 
necessary to emphasise that BRCAl results could be influenced by 
the fact that it could also represent a predictive factor to 
vinorelbine (Quinn et al, 2003). 

Considering the comparison between platinum and 
non-platinum therapy, unfortunately, we cannot conclude regard- 
ing the predictive role of either ERCCl or BRCAl, because no 
statistically significant interaction between any clinical outcome 
and treatment delivered was found. Indeed, according to ERCCl 
expression, a marginally statistically significant heterogeneity of the 
effect of treatment on response rate was observed. However, this 
event did not translate in any advantage in terms of duration of 
survival. Whether ERCCl behaves as a simple generic prognostic 
factor or acts by predicting chemoresistance cannot be dissected 
from our study, given the lack of an untreated control arm. 

The only study that allows to determine the prognostic vs 
predictive role of ERCCl was carried out in the adjuvant setting 
(Olaussen et al, 2006). In this trial, high level of ERCCl protein has 
been shown to be not only a positive prognostic factor in resected 
patients who did not receive adjuvant therapy, but also a negative 
predictive factor in patients treated with platinum chemotherapy. 
No similar study is available in advanced disease; moreover, it 
remains to be determined whether ERCCl is only affecting 
cisplatin efficacy or that of any other drug. This would require a 
control arm with a non-platinum regimen as in our study. 

A similar study assessed the predictive role of ERCCl status for 
platinum-based chemotherapy in advanced NSCLC in the presence 
of an arm with non-platinum therapy (Rosell et al, 2004). A trend 
towards a better outcome in patients with low ERCCl mRNA 
levels treated with cisplatin-gemcitabine, but not in other two 
arms, suggested that ERCCl would be predictive of cisplatin- 
gemcitabine efficacy only. However, the robustness of this 
conclusion is compromised by retrospective design, small sample 
size and lack of a positive interaction test. The results of this study 
and of many others have led to the conclusion that ERCCl 
expression could be used to select which patients should receive 



platinum-based chemotherapy, as prospective randomised trials 
are going to assess (Novello et al, 2012). 

Our results, however, would not support this strategy, suggest- 
ing that ERCCl expression could be used to identify which patients 
are going to derive most benefit from chemotherapy, regardless of 
the regimen administered. In line with this conclusion, Reynolds 
et al (2009) reported that ERCCl expression, evaluated with 
RRMl, is predictive of response not only to carboplatin- 
gemcitabine therapy, but also to gemcitabine alone. It is therefore 
plausible that ERCCl may also affect the efficacy of drugs different 
from platinum, such as gemcitabine. Indeed, it has to be noted that, 
in our trial, all patients received gemcitabine that might have 
affected the outcomes. 

This study has some limitations. The number of unavailable 
tissue samples is relatively high, which is a common drawback in 
biomarker lung cancer studies. The main issue may arise from a 
selection bias. However, the cohorts of patients included and not 
included in the current evaluation did not significantly differ in 
clinical and biological characteristics at baseline and outcomes. In 
addition, statistical analyses adjusted for potential confounding 
factors showed results similar to those obtained in the unadjusted 
analyses. Moreover, patients were treated with four different 
regimens. Even if this could inflate the subgroup heterogeneity, 
FAST trial design allows to assess the predictive biomarker effect in 
the two platinum- vs the other two non -platinum -based regimens, 
and all statistical analyses, when appropriate, were performed 
including a covariate representing the absence/presence of the 
third drug. On the other side, it has to be emphasised that our 
study remains the only available study assessing the predictive role 
of ERCCl IHC expression in a randomised trial with a non- 
cisplatin control arm. 

In conclusion, our results confirm the prognostic role of ERCCl 
expression and XRCCl (Arg399Gln) polymorphism in advanced 
NSCLC treated with first-line chemotherapy. However, none of 
these biomarkers was shown to be a specific predictive factor of 
cisplatin efficacy. Further randomised controlled biomarker studies 
are needed to assess whether better tailoring of chemotherapy 
treatment may be accomplished with any novel tumour molecular 
marker. 
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